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ABSTRACT 



mtvoim Smyrna® rax mmnzra 

imtomz mim tmsmomtim ;s iu*a m 

by 

wiu-iAM BLuuiff mm/m iv 

AUJtfXf f..,» fO Ttfa r&j’AiOffrdWT 0^ ELbCTRIC&L ^IKKRim 

on is juki:, 1952# i» fa&tial nimLL«SHX or this iswRMiftb 
for the pmmm or kastu* or atfxc&iJL 



Dr* s. 4 . Suillcr&n toe prepceed a « tw ri « of rot- 
work synthesis for proscribed tr&relont r ©op©»a® which por- 
aito approximation* to bo rm.1% in fcho tlm domiln rather then 
the fretponcy donein . The desired trunsieiit Is obtained ?roa 
on appropriate oonblnc.tinn of auxiliary per iodic fuse t loan 
such that the result cancels everywhere except over the period 
of the tiwwuiient* The aye tern function is obtained from the 
trtmaforrao of trigonometric eer&eo ap.pr©xlnati one to those 
ancillary periodic functions* The system function time ob- 
tained is not elwaye realisable » but it appears that sggproxl- 
totione can be sad# such that it will be realisable* 



On. the assumption that the sy&t** function be real- 
isable, or that it. can be acute so, a synthesis procedure is 
developed. The transient 1® decomposed into two oonponentis 
toying, respectively, even and odd &jwm%r$ about the nid- 
peittt* The nyete* 'function* determined for thee© cowponente 
eetiafy the requirements for synthesis as a local©*.® network 
tertsln&ted In a resistant©. Such networks are synthoeiKod 
for each component* those two .networks ay© thou conaccted 
’’back to back** to realise a network for the overall systmu 
function. 
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INTRODUCTION 



The problem of synthesizing a finite, lumped para- 
meter, linear, passive network for prescribed transient re- 
sponse has been attacked by forming the ratio of the trans- 
forms of the output and input functions to give the system 
function h(e). The system function has then been synthesized 
into a network with the necessary approximations being made In 
the frequency domain. Results obtained have varied from good 
to poor, and it appears that the degree of approximation ob- 
tained in the time domain cannot readily be determined from tho 
degree of approximation made in the frequency domain, 

A means of making the required approximations in the 
time domain, instead of the frequency domain, would permit con- 
trol of the time form of the transient. One such means avail- 
able is the finite trigonometric series, which can be made to 
approximate a given periodic time function to any desired de- 
gree of accuracy, /us appropriate combination of periodic 
functions based on the desired transient can then be made ouch 
that the combination cancels everywhere except over the period 
of the transient. 
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Ths following saaUMKl of representing a tmmsjisnt 

of finite dura ties* by m appropriate oosfcinatlon of ©end-* 

X 

periodic funotionii h*e b««a proposed* Define Vm desired 
transient as f(t). 




fig.* 1 

The Desired Transient 

Define a coni -periodic function, f^(t) as follows: 

{ 0 t <o 

f(t) o<t<-£ 

0 ■*£* <t < T 
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f (t) is representable in a Fourier series as: 
P 



CD 



2T * „ e Jtot 



f p (t > = f— 1 ' k 

* k = - 03 



(t >0} 



and its transform hp(s) is represented as: 



CD 

. , » _ ’s”’ tt 

h P (s) ~ k^-00 3 " JktD * 



Now define two additional functions* f-^(t) and fg(t) as 
follows : 

hl t)= r p (t) * yt-r> 

f 2 (t)s f p (t) - f p <t-£> 




Functions f 1 (t) and fg (t }, Derived From f p (t) 



The function 
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fjt -i)=H 



k = - oo 
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tlono ara canhinod to fora a now functions h(ta ) given by 
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In gQnars.1 the Fourier series rep re sen tatlcn of 

f (t) will b® an Infinite series. ivepresenting finite 
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SSYSLOHUSMT OF A SXHTHSSI5 PRoaSDURK 

The purpose here ie to develop a practical means 

* 

of synthesis of a network whose system function is h (s), 
that is t a network whose response to a unit impulse function 

IB f*{t). 

o 

The necessary and sufficient conditions for the 
1 'oallsablllty of a network whose transfer impMar.ce is 
h*{s) ares 

(a) The mmrmtor of it (a) fee of degree not 
greater than the Henoainater and, 

(b) The denominator have no aeros in the 
right half b - plane, 1.©., the denom- 
inator mat bo a Hurwiis pelynossdal. 

That condition (a) is fulfilled is evident from 
an expansion of the functions involved. The fulfillment of 
condition (b) is subject to discussion beyond the scope of 
this work. It can be demonstrated that, using the Fourier 
coofficienta In a flnlto approximation of t p (t), oortain 
functions yield a denominator polynomial which is Hurwlfcs 
while others do not. There appears to be a possibility of 
so selecting the coefficients that the denominator poly- 
nomial will bo Hurwits* In any event, this condition must 

•¥" Hote; r "'^hrotShout the Following' ~^ar^o^mn% the word "adsdt- 
tance* my be substituted for ”la#pedanee M without 
invalidating tho orguiaenta. 
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bo mot before synthesis io possible. 



Assume , therefore, that moans have been devised 
to assure the Hurwitm character of the denominator poly- 
nomial, or that it is desired to synthesise a network for 
a function which yields one. It is advisable, in the in- 
terests of brevity, to normalise at as « 1, mid to shift 
from complex coefficients to trigonometric coefficients. 

Let the duration of f (t) be tt, then the period 

X Prr 

of yt) lo 2>, ana . = = 1. 
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* , , 
hp{a) 



y °^k 

, s - jk 
fa-n J 



,<*o 
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k» l 



(C V ^k )st -i k(c k- - k ) 
2 . 



Noting that (Q^ + and J (^, - c/ y ) are respectively 
and b^, the usual trigonometric coefficients, by defining 
a Q H £hr ^ fp{t)dt, h^(s) can bo written as: 



u) 





a^s* kb Jc 

A 2 Vr2 

0 O + K 



J? 
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a< h 



*2 

2 % 



J 1 O -3|r 

(2) fe (s) * "| > | , * therefor© the palms of h {&) arc lo- 
cated at the seros of F(s). These sox*03 arc 2n in number 
and aro located in the left half plane (by assumption ) . ho 
other general properties of these sores are readily apparent, 
and it appears that the problem of locating the® would be of 



. 



. •• ' ' 1 “ p . ■. • 



t 

. 

-j *< ,v 

M> . • . •, ' * 

.'*«#• mi L i n 

* • -i . '• . • " • ' • •, .. t 






, f > 

. m La «•»« i *. Vi 



^ ^ i . ! i , #V> •• 2° 



r ‘< 



^ -4 



Vs 









.. . • • - ^ ,y* ^ 

• - * T ’ • » . | r . 

* !♦% .sv ’ i : 



.« — 








I/O 



- U - ' 4 , + ' * - k - ' *# ' * 1 

• • -J 1 J . . V) ' • r , • 

'-‘1 , t L‘~m. x.' , , * : •.* * *- i - ■ •*" % %m 

^. ... « ^ •- !• •••■ > **- •«**<> 



fiorao dsgrso of difficulty. This problem can bo avoided, 
however, if lossless* networks texwlnated in resistance© 
arc acceptable. 



T. 
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Roc ailing from Chapter I that ( s ) and hg (a ) 
&ro I'OBpeotlvely twice the suae of the odd order and oven 
order tome of h. {» } 



a. 



(3/ ht(e) — ''"g 1 '' '"'p 
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a,e+ 3h* sue 4 5tv 
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s 2 4 9 S*> 25 
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J “*t 



Rote now that if odd a^ rad even are aero then 
? 1 » Pg, and Qg are all ©von functions of s, while is an odd 
function of 8. Also if even and odd b^. arc aero then J 
Q^, and Qg ar*e even in e, while fg is odd in e. Thus the 
product P^Qg *- 6 Alv/ayc ©von In c and the product Igh-j Is al- 
ways odd in ©. 



From equation (1) it is evident that 
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so that for the Especial conditions that odd cosine and 
even nine coefficients be zero, or that even cosine and 

odd sine coefficients be zero, the odd and even s terns 

* 

in V (a) are identified with the poles and seroc of h^{s) 
and hgCc). 

The necessary and sufficient conditions for a 
polynomial with real coefflclonto to bo a Hurwitz poly- 
nomial are that the zeros of its odd and avert parts llo on 
tho j a>la where they mutually sep&r&to each other, Fur- 

to Me 

ther* th© ratio of the even odd parte of a Hurwitz poly- 
nomial Is a roactanoo ( succeptanco ) function. This implies, 
for P Hurwitz, that the zeros of P, and P 0 11© on the J 

axis and that tho function bo a reactance function, 

*2% 

for tho special conditions considered. Tho following 
manipulations are therefore suggested! 
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dividing numerator and denominator by P^Q, yields: 



h (s) 
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u hi 

p-Q- 

2*1 



Kow associate h (s) with Z^g(o) ~ which is 

22 

the fora for the transfer impedance of a lossless network 



terminated in a on© ohm resistance, ®**£ ar ® 
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respectively the transfer and driving point functions for 
the lossless part of the network. 



In making this association the following con- 
ditions are noted: 



(a) 


Z 22 


(b) 


Z 12 




to t 


(c) 


all 




in z 


<&) 


a 22 : 



(c) all the poles of z^ are contained 
s 22* 

has poles, at the zeros of P 2# 
which are not contained in z 12 * 

Conditions (a), (b), and (c) are sufficient * to insure 
synthesis as a lossless ladder network terminated in a 
resistance. The poles of z which are not contained in 
z 12 rc P resont lossless parallel tuned circuits in series 
with the load resistor. 



At this point the formal procedure of separating 

yc, 

h^(s) into two parts, each of which fulfills on© sot of the 
requirements for this type of synthesis, would lead to a 
general synthesis procedure. It is more enlightening, 
however, to first observe the time form of the transients 
which these conditions represent. Using Fourier series 
coefficients and noting that f p (t ) =0 for the Interval 
tt < t < 2tr 
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Sino© ovan casino toms anti ©&& nlrm toms hav® ©von oyn~ 
netiy about I?* if f, ? {|? ft) » ~ t), th*n odd and ©von 

ar© aopo. Ami aicoo odd oosino tanas and ©van aim torrao 
have odd ayawatry about g» if f^(|f + 1) w *f , , ~ t ) » than 

even a^ and odd are asoro* Thun tbs special condition* 
occur when the transient has mrm or odd syanatry about itn 





Fig. 5 

Tmnnient For fchlah ia» suiting liven a^ And odd b^ *r« 2#ra 
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Any arbitrary tranalaat my bo considered m t ha aua of 
two et**>r transient*, eaoh having one of tho above ty^es of 
oynaetzy. f© synthesise a network for an arbitrary Uro- 
siont resume, th an, first deeoepec* the transient into 
its ooapenanto havl ns odd and ©vcm ajrwwtiy about tha mid- 
point . Sya&baaii&e a network for each eoatpouent. After 
suitable lapadaixMi leveling, uarnoct the networks back to 
laaok and the overall transfer iaspedaeee Emotion is .real- 
ised.^’ 




fig. 3 

A Fora Of network To 3yntl*oois» For a isealiKablo 
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CHAPTER III 

AN EXAMPLE OF THIS SYNTHESIS PROCEDURE 

Let the desired transient response to a unit im- 
pulse input be a rectangular one as shown: 




Then f (t) ia 




= yt)dt = f 

a k - n fT V t)coa kt dt = v /o i sin kt dt = 0 < k *° 

b k = n /o%(t)ain kt dt=J /* § sin ktdt = ^(l-cos k it 
bjj. = ^ for k odd 
b, = 0 for k even. 
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Note that odd and even arc aero sine© the 
transient has even symmetry about its midpoint. In this 
Instance all are soro except a Q . This faot serves to 
simplify the network rather than invalidate the procedures 
developed. 



Assume that it has been established that an ap- 



proximation of six terms will bo sufficiently accurate. 
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Removing the factor of ^ result® in tho following: 

a,, = .♦ + 4^a — + -g- ^afta — 

E s* +4. 61132 8% 18. 72202 

tt = — * 

Tt 

2 - 2 
Z 12 ~ B 



If only the roatangular form of the transient bo 
required the Impedance level may bo reduced by a factor of 

2^oS yieMlns 
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z op = 8 + « — + “5 + ~o “ 

a+4.61132 s +18.72202 

R = 3.313 
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The network is then realised as 
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Fig. 3 

Network For Approximating Rectangular Transient Response To 

A Unit Impulse 

(Ohms, Henries, Farads) 
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